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Available online 10 March 2016The effectiveness of vital stains to assess the viability of hookworm eggs depends on the perme-
ability of eggshells. The eggshells may not be permeable immediately after inactivation, and
this can lead to over-estimation of viable eggs in a sample. In this study, heat-inactivated eggs
of hookworm (Ancylostoma caninum) were used to evaluate the time required for eggshells to be-
come permeable to three vital stains (eosin Y,methyl red, andmethylene blue). The results of this
study showed that heat-inactivated eggs incubated for 1 h at room temperature (24± 1 °C) con-
tain 32–53% non-viable eggs or permeable eggshells. The numbers of non-viable eggs increased to
88–94% after 6 h of incubation. The accurate viability assessment was achieved after 12 h of incu-
bation at room temperature. Vital stains did not play a signiﬁcant (P N 0.05) role in reducing the
false viability. This study provides information that can aid in the accurate detection of viable
hookworm eggs from environmental samples comprised of mixed populations that are viable
and non-viable with permeable or impermeable eggshells.
© 2016 TheAuthors. Publishedby Elsevier B.V. This is an openaccess article under the CCBY license
(http://creativecommons.org/licenses/by/4.0/).Keywords:
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Public health
Wastewater1. Introduction
Hookworm infection is responsible for malnutrition, anemia, and impaired cognitive development in humans (Brooker et al.,
2008; WHO, 2012). It is estimated that approximately 8.0 × 106 people worldwide are infected with hookworm (Hotez et al.,
2014). Despite implementation of several interventions to reduce hookworm infection in developing countries, it is difﬁcult to
control (WHO, 2012; WHO, 2015). Land application of untreated wastewater and sludge is a common practice in developing
countries (Do et al., 2007; Gupta et al., 2009). As a result, a high load of viable hookworm eggs can be present in the environment,
which may pose a signiﬁcant human health risk (Karkashan et al., 2014).
Several guidelines have been developed by national and international authorities to minimize the risk of hookworm infection
associated with wastewater and sludge (US EPA, 2003; NRMMC, 2004; WHO, 2006). These guidelines, however, do not provide a
standardized protocol for reliable detection and quantiﬁcation of viable hookworm eggs from wastewater matrices. It is necessary
to detect viable eggs in order to determine accurate health risk if wastewater is used for land application. Conventional egg viability
assessment method such as incubation is time consuming, expensive and laborious (Karkashna et al., 2014; Gyawali et al., 2015).
Vital stain method provides information on the viability of hookworm eggs more rapidly than the incubation method
(Dabrowaska et al., 2014; Karkashan et al., 2014). Vital stain method takes advantage of structural integrity of viable and non-
viable eggshells. A viable egg has three layers of intact shells that act as an alternative barrier and prevent stain from entering
into the cytoplasm (Matthews, 1986). Once the egg becomes non-viable, the integrity of eggshells is compromised and becomesosciences Precinct, GPO Box 2583, Brisbane, QLD 4001, Australia.
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activation. In this study, we evaluated time required for accurate viability assessment of hookworm eggs using three commonly
used vital stains. These stains include eosin Y (MW = 647.8), methyl red (MW = 269.3), and methylene blue (MW = 319.8).
They were chosen to evaluate, whether molecular weight of a particular stain can inﬂuence the assessment of viability.2. Material and methods
Dog fecal sampleswere collected after obtaining ethics approval from theAnimal Ethics Committee, The University of Queensland,
Australia (Reference number: AEC/QU/12/2013). Eggs of the dog hookworm [Ancylostoma caninum] were isolated from the fecalFig. 1. Photomicrographs (100×) of viable (green arrow) and non-viable (red arrow) Ancylostoma caninum eggs by different stains (a) eosin Y, (b) methyl red and
(c) methylene blue.
Table 1
Percentage of non-viable Ancylostoma caninum eggs after heat inactivation and incubation at different time periods using vital stains.
Treatment Incubation
time
Mean and standard deviation of non-viable eggs (%) P value
Eosin Y Methyl red Methylene blue
Inactivated at 80 °C for 30 min 1 h 32 ± 7 50 ± 7 53 ± 6 0.65
6 h 88 ± 5 89 ± 6 94 ± 1 0.99
12 h 100 100 100 N/A
24 h 100 100 100 N/A
N/A = not applicable.
11P. Gyawali et al. / Food and Waterborne Parasitology 3 (2016) 9–12samples usingmagnesium sulfate (speciﬁc gravity 1.2) ﬂotationmethod (Gyawali et al., 2015). The isolated eggswere enumerated by
microscopy using a Sedgewick-Rafter Counting chamber (PYSER-SGI, UK).
To determine the time required for accurate viability assessment, approximately 1000 A. caninum eggs were transferred into
1.5 mL centrifuge tubes, suspended in 1 mL Phosphate Buffer Saline (PBS), and heat-inactivated on a heating block for 30 min
at 80 °C. Tubes were centrifuged at 800 ×g for 3 min, and the supernatant discarded. The heat-inactivated eggs were kept at a
room temperature (24 ± 1 °C) for 1, 6, 12 and 24 h to allow eggshells to become permeable. The eggs were stained with aqueous
solution (0.1%) of eosin Y, methyl red and methylene blue and enumerated using a microscope. Stained eggs were considered as
non-viable and unstained were considered as viable (Fig. 1). Each experiment was conducted in triplicates.
In addition, approximately 1000 eggs not subjected to heat-inactivation were incubated at room temperature for 1 h, stained
with above three stains, and assessed by microscopy to determine the numbers of stained non-viable and unstained viable eggs
in the stock solution. An analysis of variance (ANOVA) was performed to determine whether the numbers of stained non-viable
eggs obtained using different stains were statistically signiﬁcant at the level of P b 0.05. The potential for false viability results
using all three staining methods as opposed to the incubation time were calculated by subtracting stained non-viable eggs
from total numbers of eggs.
3. Results and discussion
The stock solution contained 17–23% stained non-viable eggs as per microscopic observation. For heat-inactivated eggs, 32–
53% became stained non-viable after 1 h of incubation at room temperature (Table 1). The numbers of stained non-viable hook-
worm eggs increased to 88–94% after 6 h of incubation. Our results suggest that the vital stain method could potentially over
estimate up to 11% viable eggs after 6 h of incubation (Fig. 2). This is particularly important considering the infectious dose of
hookworms is low (1–10 larvae).
All 1000 heat-inactivated eggs became stained non-viable after 12 h of incubation at room temperature. Similar results were
also observed for 24 h incubation experiment. Our results also suggest that accurate assessment of the viability of hookworm eggs
from environmental samples can be achieved if they are incubated at room temperature for up to 12 h prior to microscopic
observation.
We also evaluated whether molecular weight of a particular stain can inﬂuence the viability assessment of hookworm eggs.
Among the stains used in this study, methylene blue was found to be more effective in penetrating eggshells of inactivated hook-
worm eggs after 1 and 6 h of incubation compared to methyl red and eosin Y. However, the difference was not statisticallyFig. 2. Percentage of false viability (unstained) estimated for heat-inactivated Ancylostoma caninum eggs using vital stains for different periods of time.
12 P. Gyawali et al. / Food and Waterborne Parasitology 3 (2016) 9–12signiﬁcant (P N 0.05) (Table 1). Similar result was also reported by de Victorica and Galvan (2003). In conclusion, the accurate
viability assessment of hookworm eggs depends on incubation time, which is determined to be up to 12 h. The molecular weight
of different stains may not play any signiﬁcant role in determining the accuracy of viability assessment.
Acknowledgment
The authors appreciate the ﬁnancial support received from the Water Corporation, WA (Grant number XX-09-1390) and the
Commonwealth Scientiﬁc and Industry Research Organization (CSIRO), Land and Water Flagship (Grant number EOP 77576). The
authors thank Lyn Knott, Laboratory Manager Faculty of Veterinary Science, University of Queensland, Australia for providing
A. caninum positive fecal samples from dogs.
References
Bae, S., Wuertz, S., 2009. Discrimination of viable and dead fecal Bacteroidales bacteria by quantitative PCR with propidium monoazide. Appl. Environ. Microbiol. 75,
2940–2944.
Brooker, S., Hotez, P.J., Bundy, D.A., 2008. Hookworm-related anaemia among pregnant women: a systematic review. PLoS Negl. Trop. Dis. 2, e291.
Dabrowaska, J., Zdybel, J., Karamon, J., Kochanowski, M., Stojecki, K., Cencek, T., Klapec, T., 2014. Assessment of viability of the nematode eggs (Ascaris, Toxocara,
Trichuris) in sewage sludge with the use of LIVE/DEAD Bacterial Viability Kit. Ann. Agric. Environ. Med. 21, 35–41.
de Victorica, J., Galvan, M., 2003. Preliminary testing of a rapid coupled methodology for quantitation/viability determination of helminth eggs in raw and treated
wastewater. Water Res. 37, 1278–1287.
Do, T.T., Molbak, K., Phung, D.C., Dalsgaard, A., 2007. Helminth infections among people using wastewater and human excreta in peri-urban agriculture and aquacul-
ture in Hanoi, Vietnam. Tropical Med. Int. Health 12, 82–90.
Gupta, N., Khan, D.K., Santra, S.C., 2009. Prevalence of intestinal helminth eggs on vegetables grown inwastewater-irrigated areas of Titagarh,West Bengal, India. Food
Control 20, 942–945.
Gyawali, P., Ahmed, W., Sidhu, J.P.S., Jagals, P., Toze, S., 2015. Comparison of concentration methods for rapid detection of hookworm ova in wastewater matrices using
quantitative PCR. Exp. Parasitol. 159, 160–167.
Hotez, P.J., Alvarado, M., Basanez, M.G., Bolliger, I., Bourne, R., Boussinesq, M., Brooker, S.J., Brown, A.S., Buckle, G., Budke, C.M., Carabin, H., Coffeng, L.E., Fevre, E.M.,
Furst, T., Halasa, Y.A., Asrasaria, R., Johns, N.E., Keiser, J., King, C.H., Lozano, R., Murdoch, M.E., O'hanlon, S., Pion, S.D., Pullan, R.L., Ramaiah, K.D., Roberts, T.,
Shepard, D.S., Smith, J.L., Stolk, W.A., Undurraga, E.A., Utzinger, J., Wang, M., Murray, C.J., Naghavi, M., 2014. The global burden of disease study 2010: interpretation
and implications for the neglected tropical diseases. PLoS Negl. Trop. Dis. 8, e2865.
Karkashan, A., Khallaf, B., Morris, J., Thurbon, N., Rouch, D., Smith, S.R., Deighton, M., 2014. Comparison of methodologies for enumerating and detecting the viability of
Ascaris eggs in sewage sludge by standard incubation-microscopy, the BacLight live/dead viability assay and other vital dyes. Water Res. 68, 533–544.
Matthews, B.E., 1986. Permeability changes in the egg-shell of hookworms during development and eclosion. Parasitology 93, 547–557.
NRMMC, 2004. Guidelines for Sewerage Systems Biosolids Management. NRMMC Secretariat, Canberra, Australian Capital Territory.
US EPA, 2003. Control of Pathogens and Vector Attraction in Sewage Sludge. USEPA Environmental Regulations and Technology. Office of Research and Development,
EPA/625/R-92/013, Washington DC.
WHO, 2006. Guidelines for the Safe Use of Wastewater, Excreta and Greywater in Agriculture. WHO Library cataloguing-in-Publication Data. Vol. 2 and 4, p. 213
(Geneva, Switzerland).
WHO, 2012. Soil-Transmitted Helminthiases: Eliminating Soil-Transmitted Helminthiases as a Public Health Problem in Children: Progress Report 2001–2010 and
Strategic Plan 2011–2020.
WHO, 2015. Investing to Overcome the Global Impact of Neglected Tropical Diseases: Third WHO Report on Neglected Diseases 2015. WHO Press, World Health
Organization (20 Avenue Appia, 1211 Geneva 27, Switzerland).
